A major issue in the field of Evolutionary Developmental Biology (EvoDevo) is the relative contribution of changes in gene structure versus gene regulation in driving morphological diversity. The vertebrate embryonic limb bud is an ideal model system in which to explore these issues. Among birds, for example, the flightless ratites have highly divergent wing structure. The emu embryo has a vestigial wing, which develops from a greatly reduced bud during embryogenesis. Using a comparative genomics approach, we have identified a novel co-option of the cardiac transcription factor Nkx2.5 to the early forelimb bud of the emu embryo, but not in ostrich, zebra finch or chicken, which have fully developed wings. Nkx2.5 is expressed in emu myogenic and non-myogenic limb precursors and mature muscle cells. Strikingly, mis-expression of Nkx2.5 in the chicken embryonic limb bud results in wing reductions comparable to those seen in the emu. We propose that Nkx2.5 functions to inhibit muscle growth and development in the emu wing. Changes in the regulation of Nkx2.5 have resulted in novel expression and function in the emu lineage, playing a role in the evolution of wing reduction and flightlessness. Furthermore, co-option of Nkx2.5 to the wing of emu but not ostrich supports a polyphyletic origin for the loss of flight among ratites. The human metaphyseal chondrodysplasia type Schmid (MCDS) is caused by mutations in COL10A1 that result in misfolded alpha(X) collagen chains and the induction of ER stress in hypertrophic chondrocytes (HCs). In a MCDS transgenic mouse model (13del), we have previously implicated HC response and adaptation to ER stress as the underlying molecular pathogenesis of the disease. HCs avert apoptosis by reverting to a prehypertrophic-like state. However, how ER stress signaling mediates survival and reverted differentiation in 13del HCs remains unknown. Here we provide genetic evidence showing the ER-stress induced PERK signaling pathway is required for survival and reverted differentiation of 13del HCs. Impairing PERK signaling by inactivating CHOP or GADD34 in 13del mice affects the reverted differentiation of 13del HCs. We found that overexpression of ATF4, thekey transcription factor in the PERK pathway, in HCs of wild-type mice causes reverted differentiation of HCs and transactivation of Sox9. We show that ATF4 and its downstream target CHOP, work together to induce directly Fgf21 expression in 13del HCs for their survival. ATF4, via direct regulation of Sox9, promotes reversion of HCs to a prehypertrophic-like state, allowing the reduction of ER stress. The zebrafish (Danio rerio) has figured prominently as a vertebrate model for studying circadian clocks and sleep. According to Borbely's "two-process model" for sleep regulation, both the homeostatic process (S) that increases with the duration of wakefulness and the circadian process (C) that determines the timing of sleep and wakefulness, contribute to regulation of sleep homeostasis. While we have a good understanding of circadian regulation, relatively little is known about molecular mechanisms underlying circadian regulation of sleep homeostasis and/or interaction between the circadian clock system and sleep. Here we reported characterization of zebrafish period3 (per3) null mutants generated by TALEN. Locomotor assays showed that per3 mutant fish display 0.5-hour shortened period and approximately 3-hour phase advance compared with wild types under constant dark, and are completely arrhythmic under constant light; and also per1a, per1b and per2 are down-regulated in per3 mutant fish; indicating that per3 is essential for zebrafish circadian regulation. Intriguingly, per3 mutant fish display less sleep time, elevated arousal threshold and difficulty to restore sleep after sleep deprivation. As shown by ELISA, the GABA level is reduced while the histamine level is increased in per3 mutant fish at night-time, indicating that the disturbed sleep pattern of per3 mutant fish may be resulted from altered levels of endogenous GABA and histamine. Deep sequencing-based transcriptome analysis leads us to focus on two candidate genes, GABA A receptor gene rho2a and histamine decarboxylase gene hdc, both upregulated in the per3 mutant fish. Luciferase reporter assays showed that both rho2a and hdc are circadian clock-controlled genes and Per3 negatively regulates their expression. Taken together, these results ascertain Per3's essential roles in the zebrafish circadian system, demonstrate that Per3 acts through both histamine signaling and GABA signaling to contribute to sleep regulation, and provide an ideal sleep disorder vertebrate model for drug screen and pathogenesis analysis. 
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